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STRUCTURAL CHANGES IN BURIED HUMAN SKIN*
WILLIAM L. EPSTEIN, M.D. AND ALBERT M. KLIGMAN, M.D., Px.D.
The ways in which an organ reacts to various experimental stresses provides
useful information in understanding its behavior in disease. Much has been
learned of the biological potentialities of skin by following the changes in delib-
erately produced wounds (1, 2, 3, 4, 5). By restricting the injury, Lobitz et al
have been able to study the individual responses of particular structures, such as
the pilosebaceous apparatus (6) and the eccrine sweat unit (7, 8, 9). The objective
of the current study is to describe the reactions in buried human auto-transplants.
MATERIAL AND METHODS
Under local procaine anesthesia, full thickness elliptical biopsy specimens of
skin from various parts of the body were removed and buried deeply in the
corium and subcutaneous fat at different sites. Preliminary studies showed that
the scalp and palm were the best donor sites, while the scalp was the most favor-
able recipient site. In order to prevent extrusion of the buried islands of tissue,
they were oriented upside down. These autotransplants were excised in toto at
varying intervals from 4 days to 14 months after burial. The tissues were serially
sectioned and stained with hematoxylin and eosin. In all, 65 specimens from 28
subjects were available for study.
RESULTS
A. Major histologic changes in surviving buried skin
1. Necrosis: In nearly every case there was some tissue necrosis, within the
first 4—6 weeks, usually in the center of the buried tissues. Afterwards, this
disappeared.
2. Epidermal hyperkeratosis: If the epidermis survived keratinization continued
in the normal fashion. In this way, a loose mass of keratinized squamae accumu-
lated.
3. Proliferation: Tongues, buds and sheets of undifferentiated epithelial cells
formed from every component of the cutaneous epithelial system, i.e., the epider-
mis and all its appendages. The external root sheath of the hair follicle was the
most prominent source. These buds and strands of cells were most notable at the
edges of the buried tissue in contradistinction to necrosis which was central. If
the original epidermis died, a new epithelium was laid down from these appenda-
geal sources. This new epithelial covering quickly became a stratified keratinizing
membrane. The epithelial outgrowths tended to stream along cleavage planes
and to link up with other epithelial proliferations. Some grew aimlessly. The
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FIG. 1. Hyperkeratosis 4 weeks after burial of scalp skin in the scalp. The surviving
epidermis of the autotranspiant has produced a massive amount of keratinized squamae.
(Mag. X76.5)
intense proliferative response frequently resulted in the formation of keratinous
cysts, a process elsewhere described (10). It is apparent that sequestration of skin
transplants may be accompanied by a generalized burst of epithelial activity as
if a restraining force had been removed. The urge of the epithelial outgrowths
to cover denuded surfaces is conspicuous, as in normal wound healing. Much of
the proliferative response, while broadly aimed at regeneration, is undirected.
4. Appendageal changes:
(a) Hair: Frequently the follicles degenerated along with the rest of the tissue.
However, some survived and underwent hasty, faulty club formation. Club hair
formation, normal or imperfect, is a characteristic response of the hair follicle
following a score of stresses: x-rays, fever, systemic disease, etc. In other cases
the hairs stopped growing without forming clubs. In such instances the external
root sheath underwent squamous metaplasia, and continued keratinization led
to the piling up of a horny mass within the follicular lumen. After several months
(6—9) many of the follicles reacquired their normal histologic structure and pro-
duced growing hairs. These sometimes reached a considerable length.
(b) Sebaceous glands: The gland that survived temporarily dedifferentiated
to form lobulated masses of undifferentiated epithelial cells, as previously noted
following dermabrasion (11). Eventually, however, the glandular structure
returned to a normal histologic picture.
(c) Eccrine sweat glands: The ducts and glands seemed rather hardy, often
persisting when the surrounding tissue was dying. Characteristically, they were
stable and showed no remarkable histologic transformations over long periods.
Sometimes, however, streams of undifferentiated epithelial cells arose from sweat
ducts, especially in buried palmar skin. The secretory coil showed no proliferative
tendencies, although this has been described recently by Lobitz et al (9).
(d) Apocrine sweat glands: These units were far less stable than the eccrine
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FIG. 2. A. Imperfect formation of club hair. A column of undifferentiated epithelial cells
separates the curled up end of the hair shaft from the papilla just barely visible in the lower
left hand corner. (Mag. X120). B. Squamous metaplasia of the external root sheath (ES.)
just above the level of the bulb. Normally the external root sheath in this region does not
keratinize. The follicle has not formed a faulty club, and the hair is degenerating. Kera-
tinized squamae will eventually fill up the lumen. (Mag. XlfiO). C. Undifferentiated epithe-
hal cells (U.) streaming from a hair follicle and flowing under a separated and necrotic
epidermis (E.). (Mag. X320).
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Fio. 3. Low power view of axillary transplant three weeks after burial in the scalp. In
the upper region is shown a remarkable, large, solid coil formed by the dedifferentiation
and proliferation of apocrine gland cells. The epithclial strands and islands represent de-
differentiated and degenerating apocrine ducts and glands. Note the size difference. (Mag.
X 85).
glands and tended to degenerate rapidly. The most common finding in surviving
glands was a simple dilatation of the duct. An uncommon but distinctive change
was the formation of large solid coils of undifferentiated epithelial cells which
probably arose by the dedifferentiation of the secretory portion of the apocrine
glands, since they contained pigment granules and were situated in close associ-
ation to other apocrine glands. Another curious finding was the abnormal massing
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FIG. 4. A. So-called metaplastic squamous cells in the lumen (L.) and wall (W.) of a de-
generating apocrine gland. These enlarged cells are loaded with faintly eosinophilic granules
or vacuoles. Although there is a superficial resemblance to sebaceous cells, we interpret
them as degenerating apoerine gland cells with retained secretory granules. (Mag. X560).
B. A different stage of the same degenerative process with inconspicuous granules in the
sequestered luminal cells. The accumulation of polymorphonuelear leukoeytes and flattened
glandular cells also represent part of the degenerative picture. (Mag. X560).
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of variously sized and variously staining granules around and within cells of the
secretory coils of degenerating glands and even within cells sloughed into the
the lumen. Montagna has never found granules in the lumen of normal glands
(12). In certain degenerating glands there was a transformation of many of the
secretory cells into flattened squamous-like cells laden with small faintly eosino-
philic granules. These cells also could be seen free in the lumen. They seem
identical with those described by Shelley and Cahn in excision scars of axillary
skin (13). In our opinion, this is a degenerative, necrobiotic process and not a
proliferative, metaplastic one as the previous authors evidently believe.
B. Histologic changes in host skin
1. Inflammation: In every instance a heavy infiltrate appeared about the
buried autotransplant. Early it consisted mainly of polymorphonuclear leuko-
cytes, but by the 10th to 14th day lymphocytes, histiocytes and giant cells
(often vacuolated and foamy) became predominant. Fibroblasts and new blood
vessels were also present later. The infiltrate invaded the autotransplant to a
variable degree; a massive infiltrate generally presaged death of the transplant.
2. Proliferation: The epidermis usually became acanthotic, frequently sending
prolongations of undifferentiated epithelial cells down towards the buried tissue.
Sometimes these extensions linked up with similar epithelial buds from the auto-
transplant.
3. Appendageal changes: The appendages, most notably the hair follicles and
eccrine sweat unit occasionally participated in the proliferative response, but the
most striking reaction was one of total indifference. The appendageal structures
appeared unaltered and disinterested in the turbulent changes occurring not
more than a half a millimeter away.
COMMENT
In keeping with previous knowledge the initial change following skin damage
is a tendency toward dedifferentiation of certain epithelial structures, most
notably the sebaceous gland, with associated epithelial proliferation probably in
an effort to restore continuity or to effect healing. Sometimes the proliferative
response is misdirected and leads to the formation of abnormal structures such as
cysts, sinuses and possibly tumors. Eventually, the tendency is toward rediffer-
entiation and reacquisition of function.
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